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. Weekly Teackling Plan - . . £ o
v * . ] ~ £ ! /\
<L ' You will find below a rough gulde foz" the nulber of weeks which each -7
** ' chapter 1s expected to take.for ade%yate coverage Hére weeks are assumed to r
i be full £ 1ve day weeks without 1nterruotlon ‘I‘hese estlmates are based on the V
- -
R .experienc galneu vy the seventeen teachers who used the book durlng the trlal "

L4

year. Th t:Lmes shown 1nclude those needed to coyver the eorrespondlng material

in the language supplements.. r o \. ‘ ¢ , -
4 . . . * R ’ ‘ " A
. ! . M [of LY
- Chapter . Min. Mex. -  Best Guess
°, . » L. /( L. A ’l —_—
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ppendix B (optional) - '
. > s . A . '
. - .
~ . .o \ t T
. Asguming. 15 weeks of unintermpted ingtruction,.it would appear that

" either: Chapter 7 or Chapter 8 might be covered with moderate thoroughness
(but not .both)

L] 1

’I’he Role of\Laboratory Work 1n thls Course v R

g ‘~_.

2 1 For maxiyum bepefilt from this course, the student needs contact with a .

computer, prln&rily for verifying and trouble- shoorting the algorithms which he
has’ constructed. This laboratory work need not be "hands on" computer exper-
+ lence, but shoul be whatever is ne\:essary for adequate testlng of programs on
the computer facil ty that is chosen for use. Hands-on computer experience 1is

no, goal of this courge. Where poss1ble, it should be avoided as there is more

.-

. than enough substant1 1 material of a mathematieal ynature in ‘this text. L’




'?13 . If the "low-cnart language in this book is taughi wsll, the% FORTRAN s

Many schools already have computers or have them ’on order For schools
) that have no racll:r.‘tles of their own, (and gven for schools that do), ‘arrange- '
nents mt\ neanb}, colleges, unlve}1s1t1es, o other 1nst1tutlons for the dse of
‘thEII‘ facilities are urged. Distances of.‘ u to 200 m;Lles from the unlverslty

or 2o0llege need not Ye a prohlbltlve factor. A numbe/r of universitlies wn.ll be*

1nstallJ.ng tlme “shdred,’ *omputer systems ip.esite coming years. Arrangements-for

remote uge of such faClll"leS (especially in a cilt/y via rented teletype or

other keyboard consoles looks 1ncreas1ngly promls-lng. .

. N ~ . PO

v
<

Choice of a Programxm‘,ng Language . - .

»

. (- Carerul and serlous study must be.'devoted to the ch01ce oﬂ a language, a
' computer, and a software system. (o01tware refers to the serv1ce programs ) )
used tooperate and exploit the computerv f’or your benefit.) The best language

is not necessar1ly measured by the number of people us1ng it.
- EA .

Learn:.ng> one good Lxrogramnlng language makes it Very easy to learn another.

l -~

. . < - .
\M, ny s1ml‘lar lanvuage ge_gam b, L W W\{}e 4585 the sec- .
-

ond language (‘MMart language at empts to deal w“th those concepts of
central 1ntérest in all programnung" languages in a e_ontext free of most df the’

synta%tlc detalls assoclated mth a given language. N .

- Ty

Ga.ven a choice of ‘ohe -programming language, such as FOR'I‘R:AN ‘one ﬁst \
still be aware of varlatlons in igs 1mplementat10n on varlous types of com- LB

ruters eometlmes, even two VerSJ.ons of FORTRAN for the same~mach1ne may diffef
I-4

R zﬁaterlally. - . o ' v R

¢ ‘.,
.

Thes device which implem,ents a laggusmge on a gi“ven machine is a prpgram
which we call a processor. _- Among thésfactors that contribute to variation

. \' - .
P :Ln"these processors are . 3’ .. . . T
. N . ~

(a) -,\size of the "eomputer (mefnorx‘and speed)° ’ . : -

* (b) prpcessmg speeds--rate at which programs are compiléd (or readied

I3

. By the computer for computatlon) . A T e -
e, L ) . Ct
(8)° speed in executmg the computation;. "' ) - : .
. % T (&) rgessmg quality--<some prd?:es‘sors in use still have~ errors 1.,
~ - .S
nery ‘ *‘them, Some procegors produce better intermedlate dbcumentation . 3
N ) — .than’othexrs; - ‘ - L v
" . ) . . . ) .
s v & (e) error detection and recovery--a critical factor is the degree to - o
) which programm.lng and language, errors made by the student or '&
. teacher are detected clearfy 1den’t1fied and reported or corrected -
4 C < . . : - .o e
- , B - o ,)
o . T K P Are ey 2 8 B N . ‘5‘3“:5
EMC - ':, * ) . . v”‘!?“ . .t 'J‘.?}" b
3 : . e g e TS ’ : L gy
. A - - ‘\ :;‘ 3 4 ‘ - ‘ ¥ 2 %’Q
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.

by the computer. at the time the program\iS' being compil’ed Fatal

- = __;ﬁ programming Brrors can also be aetected and‘reported durlng execu-

L5

‘ tion of the target (comclled) program. The quallty of this reprQ
ing also varies widely depentiing on the executive system (more
soztware) which is"ﬁelng used. "Detection of equipment mélfunction
durlng 1nput/qutput and of misuse of llbrary subroutlnes is impor-
tant,and the way these ervors are treated«can be critical to the
efficiekt/running'of large numbers of small studen} problems oh a

computer in a reasonable amount of elapsed time. . —

‘
£l \ . ) -

Next in importance to the quality of the progréamming language 1s the
question. of access to-the computer and the nature of the reﬁponse by the com-
puter. Here one must often choose between” hands-on experierce and remote use.

¥ Bach technlque depends for good reswlts on the esponse which is obtained’ from
»

)

the computer system. Response is measured by - ,
. = L4
(a) "turn-around" time; ‘
v

(v) dpnt and periinence of, 1nformatlon received, especlally durlng

error detectlon and reportlng or .recovery.

- -
v -

A computer 100 miles away that is equipped with software ideal for school
" work may prove to Le superlor to a small, 1nadequately supported "hands-on"
coMputer 1n the "next room ‘S%é teacher who, by 5h01Ce or necessityhlases a
small _home -owned computer must Le eognizant of the trade off bet&eéh,technlcal

tralnlng anF machine- orlented know-how which tends to accrue from hénds-on use

versus the facility that is galned in focus1ng on progranming language algo-
r;igm}c constructlon, mathematlcal theory and more reallstlc insight, into the

use oI computers 1n science, qﬁﬁustry, ang, bu51ness that can be gained from

~
worklng w1th a8 better software system on a remote machlne .
4
J -2 ’ . * y v
e . .- B »

.

“

'\

The Comouter Language Supplement L ~ . ;

In order to increasezthe scope of'appllcablllty of\ this book the specific
syntactlc details of the romputer language have been splif off from the main
flow chart text into a language supplement This enables the schqol to choose
Petween FOR”RAN,,ALGOL MAD or any other as the computer language while sbill
'preserv1ng compatlblllty concerning the fundamental concepts that are common

to most comfuter languages. Each supplement is then briefer and easier to
revise as the languages change with time. This way of organizing the material
also maK)s it povsible to write other language supplements for new programming

—_ -
.

. } * 2 , ~




Tanguages. -~ Only three have been prepared by SMSG

be used as models for others. » %

A dir'e.ct consequencé of this separation ig
language (the f_lbw chart language) first. Tis is ‘considered an asset, not a

»igbility.' You mustg, however, be prepared/to give the student some additional

Ai‘t.er the text has been studiead., you rnay need to 'examine reference mate-
rials that deal Wwith the spec:.flc 1mplementat10ns for the language and
machine wh:.ch you have thosen to se. Ne:.ther tegcher nor student should
read a re;erence manual as a te .‘ If at all poss:.ble, you shquld seek the
gssistance of capable cdmputer spe01allsts in helping you to identiry and in-

iterpret the needtd 1nIormat1n in /{he reference manual.

There are a number oF commer‘cially .available p;'imers, guides, and texts
that deal with FORTRﬁl, {LGOL and MAD. Those available at present are not |
generally compatible wyth ‘SMSG _mathemat;'.cal conterts or not aimed at a level
apyrorriate to the hj gh'school auﬁi‘en@é' Some of these may be useful to the
teacher as sources 6f problems and 1llustrat:.ons » Better students, can“be
referred t_c_: them i_"t)ér acquiring a healthy gra~sp of the material‘ in the flow
chart text and )anguage supplement'.

L4 .

ign of the,language suppleients .

entirety) in the main text. Reason--we want to introduce a (smhll but for
some purposes complete)\flowgﬁhart language. Then we introduce its pro=
gra.mmlng language equivalent. In this way F’ORTRAN ALGOL, MAD or what have

~

you, is 1ntrg§a.1¢ed as a second lan%iage . -

-

1

Lab WOrk - _. .
. . . ’ £
\) Upon éompletiné Chap@r 2 of the supplemént, 2small computer programs can
» * ¢ -
be run as laboratory exergises. To* do this certain fill-in information
- \J Y

.must be conveyed by the teacher. '

Tl Héw to fill{e‘ut coding .forms’

~
s

< 2. ch to key punch cards or punch' paper tape, ete. | ,

3'. How to prepare decks of ca&:ds 1ncluding I. D. cards$.monitor speciflca-

’

t:.on carc}s, if any. oL
' '
s
+ 10

A i Toxt Provided by ERIC

~




. . )
The teacher is urged to get help from loca% practitioners on these

* details.™ Consult reference manuals only as a laét resort.
N N

(d) Subsequent- chaoters add more Ianguage capﬁblllty Each of these can be

. ’ read 1n’gon3unctlon with, i. e. . section by section with, the main text
- ] . —~ o .
¢ *e) { detalls - - L ~ »

Format detalls are necessary in someslanguages like FORTRAN There is a
__ risk oﬁ'glﬁlng too much detail. To solve th1s problem, the FORTRAN®

\

surplement offers format deteils p1ecemeal--as needed beglnnlng ‘with

. Chapter 2. Many re1e1ence manuals are dlf?Leult to yead on this subJect

~Format in a }anguage like MAD need ‘not be taught because a set of

-

mell“led" input-output statements'are available which obviates the

]

f
need to teach format codes and associated details. .

’

Format 'in a language llke ALGOL is pot treated because as yet' nd standard.
. way of handling I/0 is part of what 1s/talled ALGOL. Computer implemen-
tation or' the input- -output procedures in ALGOL dlffer We must rely on
v the teacher bemng\snown the minimum nebessaiy information by theolqcal
. rractitioner. Hopefully the p;xt;pu%ar ALGOL implementation. uses .a v

* simply I/O scheme 1nVolv1ng a minimum of format control or none at allk, Nl\ ;

A - .. -~
. . B - N

N -t
‘~‘ ' - . . . B '$ :’\.' .t \ L
[ 2 . . . - - - M
4 Helping students to debug their programs . .. )
A . > v
The llterature on thls subject has little formal development ‘of wide , v

applicability. There are so many dlfferent software systems that we can't
,'glve standard procedures All we can do is give genaxaI)pr1n01ples ‘ .

-

.(a) Debugging is an 1tenat1ve process The loop includes the flow chart
the’ program, sometlmes the*data format and the output format and sometlmes

» ‘even, the problem statement Ttexation is a process of reflnement of all
" steps in the loop. . ) -, 7
4 ' > [ . - ! ;
{b) To minimize error certain godod work habitd are essential. 4
l- Be methodical, neat-;keép.clear notes on the statement of the prdb- .
: * lem, assumptions used, and fhe symbols used and their signifdcance.
3 A e ‘
o ‘k 2. Draw a flow chart ;hat conveys an up to Adate version of the algorifhm
being tested ! * )

r \

3. Keep a check-lis} of s1mple thlngs to remember and use it each t1me

- before submittingsthe program to the computer The check—list on- .
sists of a set of simple clerical detalls and tasks, the violatlon

of any one of which, however trivlal, can fault.a computer run.

Q \ . 5 ‘ . .
ERIC .o i .

i vc S v
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B A Fuiiext provided by ERIC

. ERIC

: e ’ - ‘$ &
"L, Develop the hablt ‘of ‘getting the most use:.ul inforfmation from the .

comuuter ‘at each un but not too much detall Think of each run as

3 debugglng run and Ainsert extra output statements whlch Tan later

- be removed with ease.e These output.statements are to print selected
values developed at intermediate points in the computation. Suppose
. we fin,duthat a printed -intermediate reslet is ‘demonstrably.incorrect.

~ -
Then we can confine our search for the trouble to that small, section

of the program which develops this result -incorrectly. It may be that,

after some,study of «this section, we €till cannot deduce the reason “
'

for t’ne'erm;ous result We may then insert additional output state-'

&- Cl ments at. key/points within the sus’pected sen.tlon of‘ the probram and

N, rerun, hoplng finglly €0 pinpoint the incorrect p.xogxam step.
\/‘
® . ( ) . "

s _ , . \

Pre-Laboratory Planning gnd Preparatfon ™

0 Y .
The t‘eacher has g_ulte a’rew problems to solve before the class begins its

laboratoFy work. —)You mist de%ide. ’ o, e .‘

]

1. How many p¥ograms'will each sbudent submit per week, month, semester?

Meke = schedui'e'for students to follow based pon turn‘around time.

2. Will each gtudent run all progugms or will he run selected programs?
- & P » . .

3. What arrangenents will you make for card er tape preparation time?,

Obv:.ously, you should seek consultatlon (formal or informal) w;Lt'h univer—

sity ar hlgh s‘Chool teachers wﬂo already have the exper*ence you S'tlll need.

-

- . * Al

..
Work'lbad for the Teacher ' .

.t N
L) . - N

I’c shOuld now be falrl.y apparent that teaching ACM (Algorithms, Computa-

tion and Mathenlatlcs) as_a regular ‘Ligh schobl course ;an_olves considerably .

¢ more work and time than does the teaching of dn ordinary course in high schbol

g »
mathematics. Until it becomes commonplace for the high school to have its own
staffed'computer labdratqry;_ the ACQM tea‘cher must take on many of the ,dufies
of such a latoratoty staff.. Many. olfhthese activities and responsibilities can

'Be 'delegated to .others, hOwever. Teachérs ha‘k%experimented by having 'the

betterigkldents assist w1th a number of the laboratory c¢hores, and errands.

Where especially bright students are avallable, or where eleventh graders are

allowed to enrgll, certa1n twelfth graders can bec'éme computer operators,, '

graders or assistants for he'):ping others in program debugging After teaching

_ACM several times, ag'organizing sy 1t looks.like it would he possible to {Ie—
, duce the overload to

nageable proportions. .

°

- \» : Py
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Chapter T1

ALGORITHMS, LANGUAGE, AND MACHINES
M -y ' ae ‘- [

.

-

5 Swmnary of Ghapter I

Section l 1, Introduction sketches briefly a few reasons for studying
a'bouf computers and the areas where they are being employed to solve problems.
Som!\students may want to gain a more tomplete picture of computers ang their

R impact on socrety We suggestr as- qutside read‘ing the Section 11, New York
. Times, Sunday, April ok, 1966 entitled "The Computers and Society, Six View-

I

po:Lnts__.i: . . , / -
- N e 0 : - - < e »
» Section l 2 Hfstory gives a very bz‘ief acc¢ount Of some of the develop~

.

ments leading to the stored program digital electmn,j,c computer

* . -In Section 1-3, Some Technical‘Ajpects of m‘t’i‘_m‘? some of the more/
fundamgntal‘*ildea\s connected with thé organization of computers and the method
of their operation are 1llastrated with the aid of a hypothetical cgmputer
. SAMOS The details of the SAMOS compu r are r@ in themselvés sufficiently
e ;l,plporta t te warrant learning for retention but are offered only as a means of
. illustr%ing the more basic ideas that the hypothetical mach.,fne e.mbodies On
““the occasions when specific detad.ls a'bout SAMOS are needed the student can ’
. refer to Appendix A, . o : : N

.y
. .

:In 'Sect&on 1-4, Numbers and Other Characters, we see how numerical data(i.e.,

LN “ -
. the integers and the ‘reals) and alphanumericel data (strings of characters)

might Ye* represented or coded" internally, i.e., in"femory. The “floatipg—
. point" coding scheme for 'the reafls is, introduced. M.so, sets of binary codes

are ‘suggested for alpha'bets consisting-pf Both digits and letters. Finally,

the memory is viewed as ,capaple of storing arbitrary strin f characters .

~y

e

W'Ordo . LT 2 “ ‘ - ~ s

~ ¢

grouped one ‘or more pex membzy word depending upon the size or length of the

“oo~ v -

In Section 1- 5, Algoritims, ,we corte to the central topic of this text.
For this course we are interested in details of actual computers only to the
extent that they are necessai'y to motivate or explain aspects of the study of
. alg«orithm construction. Because it is more important one might hold that B
this section should precede Section 1- 3. However, Sect'ion 4-3 provides a con- )
crete: basis for 'beginning the study of algorithms , and piter some soul search- w» =
Id.ng, the present order was selected, e o

’ . asn

0
.

1 13
(/ . . 0
o © TN
) ;. ) . N
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. ..

M +




’
v _ - N

Y

. i
Y Finglly, Section 1-6, Commgnts on Langua%e, points out the need for an

adequate language in which to express algorithms, laying the groundwork for '
the study of’ the flow chart language in Chapters 2 thfough 5

2 ' Chaoter l is 1nuended prlmarlly as a read:mg assignment at the beglnnlng

of the course to galn some general’ background knowledge of computers ‘and the
concépt ,of algorithms. It is nat necessary that the study of this material

tuild motivation for what follows., [xperienge shows that student interest

. automatic‘ally heightens upon launching irto Chapter 2. " .
. K ‘ ?

You will undoubtedly want to _discuss some of *the material from Sectlons .
< 1-3, 1-4%, and 1-5 in class. But certainly no more than one week should be 3
spent on the entire chapter. We mention this.important point for the obvious
regson that this chapter xlnrill seen to raise more questions”that it ans¥ers
and lengthy dlgress1orf\¥éan easily result * This is not a "teaching" chapter
as a"'e tne f‘napters which follow. Some students ‘will want to know much more
about how tomputers are, built or, how they wokk. You might éncourage your

- ‘Kk
better students to reed Appendiec A on theiw own Many questions on how com-

v

. organlzatlon of computer hardware are cons1dered to be outside the scope “of .
’ thlu course. I-IoJever? .a prime reference on this ‘tOplC for h1g11 school students

%ﬂ T , Luters fungtion will be answergg here. Questlons on the constructlon and .
T ist "The*Man Made World" publlshed 19b5 by the ,Commlssmn on Engineering

e
X Ne, -~ - . ) ' X
, . %&gat\lon e . . ) ' ‘ .
$ED e ’ ,_f et s ' ’
« / . . v . < < . M . o
- . " -.fl \ - ) v , h i
- Problems, Te e e e . B ¢ .
3 N "o - L A S A v -
. Only one set of problems.;is given but this set should not, be over100ked .
[ ’ ‘I’hese are’ the: four ball welghmg problems at the end of Example 2 in Sectlon ; .
1- LL ’Solutlons to these are glven in follom.ng paragraphs It would be worth-
v , while to ‘assign 1 and or 3 and 4 as homework. We would not recommend more
C /:p/roblem At this tife. oL ) S,
oo i / . e * e :
~ ‘ -
[ A . . -
. . i IR ¢ N v
o ’ o . ‘. » -, R %
Tests . - . Ten s . ’ .
’ " 0t . . m, » “
.. . >
er ‘suggest that no tests are needed on the, material in this chap_ter If, LN
tests are glven«,frthe* questiOns should bé confuted to material on Sections 1- 3, ‘
1-3, and L<5. ‘ ce . . '
N . . - . 7 .
: ) v oo - -
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Solutiong to the Weéighing Problems
Problem,l.‘ Weighing 8 balls.

Two solutlons gare given:

\.-.'v,‘«n,, - <
o Solui:)&orgNo‘. L, t .
« A flow chart anp't\oach. Conclusions are subscripted H for
e e & s - . [ ]
heavy and L for llght . '
. TR e A g £ % s . a wn‘
” . .
\ . ate t
. @ ¢ ¢ »
- 4 ’ -
. - \v N
. S at+b+e e+ T +g ——
-~ means g =
atoic > eif+g. . means d # h .
v - > f
- - ‘ . . N
] ! " -

<

o

means

e+f+g > atb+c
L4

P ~

an o/
- s

! Strategy

s
-

s

~

ERI

Aruitoxt provided by Eic:

of the three possible outcomes. If the subset balances, we know*that

‘s the remaim.ng balls contain the one we are mterested 4in.

Once we have 1solated ar palr contammg the "odd" ball and we want to
know if one of them is heavy ox light, we welgh one of the.two can-

didetes against am/ other chh_is knqvm to,be "standard". -

1. * Select and #eigh a .su‘p‘sgt Qf the balls and consider the (signifi'cg.nce

A




Solution No. 2

et the balls bé A, B, C, D, E,
gs follows and note Yesults each time:
:' lst time " A, B, C, D,

-, . . ©2nd time A, B, G
3 S ow ‘ S
. 3rd time /

~ . . . ' T . ) ,

L9

. ¢ . o) ’ \
If the left side of a weighing was down, we write L. .

If the right side of a weighing was ¥own, we write R.
If the sides balanced, we write "=". - . . .
The results of every set of three observations (we%ghings) can'be coded

s b LY
as a "triple" or string, of three characters” involving "L", "R", or now,

“{ For each of .the listed 16 tr}ﬂles which can result from the above weighing
sequence, we4giﬁe the associated (unique) conglusion. (Other weighing seq-

uences might have been chosen.)

Triple ‘ Conclusiqn ° ’ 0

is héavy -
is light
is heavy
is light- SR * .
is heavy -
is light ,

-2

D e v O o

is heavy
is light @ .
is light . , :
is heavy .

is light

is heavy - 4
is light

is heavy .

is light ’ .
is heavy *
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o
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Problem 2. Weighing ]2 balls with one kadwn to be hegvier. ‘s - -

S

£ - d .

. '] N D) . v o
4, Flow Chart Solut_§on ‘ eoe -, v,
- , st = T T « 0 °
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Problem No. 3

. Flow Chart Solution .
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Problem No. 4{ .Weighing 12 balls with one known to he either lighter or
ot - 8 ! .

[ d ’ <

heavier. T ’ At

—_— ! 4 -

{

Tabular Solution' ‘ _ Lot . .

Solutidh: Let the'balls be 4 B, ¢, D, E, F, G, H, I, 3, K L.
ﬁWelgh the balls as follows and note the results .ot

each . time. DR . ’
1st weighing <A %B, C, B, ‘E, F, G, H
L , A \

ond‘weighing - A, J, G, I c,D, E, L -
. ! . . . A

3rd weighing A, C,H, T bD,F J, K
A O

v
. .

. If thé left.side of a weighing was down, we write L.
If the right side of a weighing was down, we write : R.'

If there wds a baldnce,” we write L=0%, . -

3

If the results.were: L 4 .

v

A is heavy
-4 is light

‘B 1s$2heavy
B 1s li“ghte

c 1s Jheavy .
.C is*light /

D is,heavy
D'i‘s%!gigh"f
E is heavy !
E is light

.F is heavy
F is light
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. Comment: It can'be shown that no more than 12 balls can be searche‘a"

for an "odd ball" 1.. three weighings “even thqugh three othe® trlples .exist %

of a possi"ble 27 (= 33)‘ The ufiliséd triples are ===, L LR, and KR Ly )
= = would mean that tlie odd ball is never on the scale .gnd Vthis contra-

dicts the assumption that one of the bails is, different. The triples L L R

or R RL also lead to contradictionggfor the sequence of thre: veighings we

PR

have used. ; v

~ .
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N Solutlon —8 the Concentration- Camp Eroblem

Vo . S

Suppose that you are one of the three prlsoners ,You will have no ob‘

Jjection to a cekimate recelving a piece whlcb is.no larger (in your con31dera-

tion) than'his share of the loaf IR . ‘2.,, s

L3

-

If a piece of the “loaf is (in your estlmationJ an exaét share, you should °

e 1nd1fferent as to who getg it. | o

' IR
' ¥ «

Our solutlon Vlll guarantee that bEfore you are servad no ore else will ’
get a Dle%F which is (in your estimat;on) greater than his share and that you"

WM never be stuck‘w1th a _piec€ which (in your estimation) is less fban your

! N A M
share. Lk - A N A .

Flrst the nrlsoners are numbered in order, 1, 2, and 3. Prisoner No. 1

cuts off a slice which he claims is L of the+loaf.* He is*theh~indifferenﬁ as

to who gets it. This slice is now of%ered'to the second prisoner. If

" -
Iy
v ad .

. (a) Hé feels that this slice is no larger thaﬁ-a fair share,-he * i
.. rejects lt,

“y .
(v) he feels that the slice is larger than & fair share, he trims it to

the "size of a falr share. 3 , ;\

4

MR ) » . -
¢ In elthe; case (a) or (b) the s1if is now offered to prisoner 3 who

elther acoepts it oy rejects.it.. If he rejgets 1t, then it reverts “to the

.\’*l

v - -~
last person who has cut or trlmmed it. L . L
1% - . , LT
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: . Chapter T2 . ' ‘ "
. . 7 . ¢
INPUT, CUTEUT AND ASSIGNMENT -
" ! .
he ¢ - . ! . »
A N . T \ : N
‘ In many respects this is the most importent chapter-in the book. Alor'lg

-

with the companidn chapter ih the lan?guage,_supplement as much as three weeks

of classroom and quiz meetings may be required. The purpose of grouping the

-

three concepts of input, output and assigmment in a single chapter (which at
first may seem somewhat ambitious) is two- fold. )

. > ]

! ; /First,' input and assignment steps are closely related i'rz that both
result in the assigning of values to variables. Moreover, input
. is closely related to output in that one process can be thought
of as the’ reva-se—or—the—ottrer. Hence, all three concepts, input,
R . output, and assignnment, seem o be directly or indirectly linked.
Second, when the student completes this chapter he can draw. flov( charts * -

for many smple but complete algonthms Exercises in%oldmg, the -

construction of sonme surprisingly mteresting algorlthnfs arei ' '

given at the end of Sections 2-3 and 2-5. Moreover, when' the

student has completed the study of the companlon chaptér in thé . e

) r ST
. . ’ /fnguage manual, he can write complete programs for the algorithms. A
’ These can then be "run" and tested on the computer. It is}the :
- ) quickest route to .laboratorsr practlce.. Here we assume that ;xﬂ'o‘st .
schools will have access to a computer for runnmg stutient o = \ b"‘w ..
) problems. , ' , f‘u—» . ] N
. N s - N N e .
, T s “:%‘15,331
The chapter outline-is as follows: I e — - ny VAR
»2-1 ' The Flow Chart/ Concept ™ v ;
2-2  Repetition . N
2-3 " Assigmment and Varlables P S e RS
b T 2-% " Arithmetic Ex,pressions ! o * . ’

. . 2-5 Rounding Functions . ' S °
2-6 Alphanumeric Data . . ‘o : !

The @iscussi-ons of these toplcs will be eontained in the approbriate sectiogs’ )
‘' of the chapter.

I N * -
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: 2- 1 The- Flow Chart’ cOnc%st, . ot :

We 1llustrate Lthe first flov chart ‘in the so-dalled flow chart lahguage
which\ls described in this ‘text (Figure 2-2). A simple problem is used Vth}{

- embraces all three basic actions; input, asslgnment and output. ‘The transition

) - from a wox;d probl.em to an algorithm in flqw chart form is 1llustrated.
o

. - A p‘rellmlnary Gr mltlal explanat*on is given for the three basic actlons.
The id as ‘of’ mput and Qutput are then repeated and elaborated. *Flow chart
s11houettes for each of thege actions or events, i.e.,

> ’ ! Q
;7 ) - e f . i . P . -
. -, ) . ~ = ror input, | I for owtput,
‘ s v ! C
< £ > R . :
, are also dlstu__;eed in some detall .+ The start gnd stop c'rtles
-, . .
. '] ‘ ‘ ’. .
P
dre wlso‘introduced. . : .
" BN N e . B .
Exercises are presented in whith lthe student cbnvez:ts some simple word
&
problems into & Mow chart whose struc ure, he is told, is similar to the )
[prqblem Tirst 111uetrated in Flgure 2- . This figure, mcidentally, appears .
severdl times in this chapter and agal in ('{hapter 3.~ A number of ‘ide,as stem . -
. . o~ ' LA “ .
from itg study. .- A > . w ¢ . .
. N dm 0 - \ .
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1
I

times, each time with another set of data. Opport_unlt'es are thereby afforded

. to cement coneepts of destructive read-in and @n-destructive read-out ®

= N

The dis’tinction between an endless‘and a terminati-ng loop is made.' At
. this pointr we begin to repeat and expand ih detail the initial 1dea of an

assignment step. The silhouette. representlng assignment,

v

and its contents are brought into focus.
. ]

The'kind of computer process it suggesxs is outlmed in a three-step

, brocess. The section closes with a few very simple e)cercises to make certaln

Aruitoxt provided by Eic:

-

the student: has understood the loop Just shown in Flgure 2-6.

- 4

L
4

Answers *to Fxercises 2-2

(a)-
Y
)
)

= 5.0 . ' C= 3 ) = unknown .
8.5 = 5. c = 10.7
5.0 = 10. ¢ = 11.6

(e
(a b3 = 2. Gl Bl - 11,6

A
A
A=
A=
\
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2-3 Assi/gnmyentgp_dVariables . - o

L4
.

It may well be that this is the ‘most important section in the entire text.

;A much'more cefretul scrutiny is given to the assignment step. Since ass'ignment

involves the_ assigning of a value to ¥y variable the first Job is to define
what we mean by a‘-variable. In many texts om_computing there is onkty the fuz- -
ziest relatlonshlp established between variables of the_computer langdage.
descrived and variables as they are ordinarily defined isd mathematics. In

this text great pains are taken to make the two concepts'essential identical

or at least compatible. An analogy (Figure 2- 9.1, is drawn between a mathematical
varisble and its value and a flow, chart variable and 1t9/va1oue. Fhe latter can
e thought of as a\wooden vox. The (mathematical) variable is _engraved on 1ts
cover. and its (current) value is stored inside’ the box. We make nunerous ref-r
erences C\tnis analogy in explaining o_thei' concepts at.later points in the

text. . N - Yo
- . Cy . .
With the aid of the woodén box we define assignment in detail., Later the

bo;dq.s visualized®as hving a Window. To explain a redad-out from memory\(non--

—destmctlve) we simply send a messenger 6&,15001( throug‘h the window, To read-in,

or store in memory (1.e., assign a value AWa varials‘le), we send another mes-
senger, who opens the box, dumps out its contents, puts a new value inside and
closes the Jbox. Th:.s ,simple—mi(nded analogy becomes the basis for good humor
and, we hope will prove to be* pc>werful pedagogically. ¢

.

Anot"her point carefully made in this section is the distinction between
“the equallt;y symbol Qf algebra, e.g«, x = 2, and the assignm(ent symbol of
t};,ilow chart language, e.g., X ca.. J )

o\?<, oy y; q‘; v >

The section closes with. a set of exercises for constructing simple algo-

rithms, the f).rst ones of some real interest. This teachers! cormenta en the

set is quite complete, several extensions of the exerci~ses are d.isc sed.

A rathey simple but quite effective way to make the ideas of assigning »
and reading values of variables clear to all students is to construct a\ctual

working models of "window ?oxes and organizing the class to carry out s

algorithm‘s using the boxes for s\toring values of variable € boxes may be
constmcted from a shoe box, for example, wj.\h/a, ole cut in the side. . The
nnmber in the box may “be represent y writing a name of the number on a slip
of, 'paper and placing it +he box 5o that the neme can be read through the

window. WHen, in Section\2 -6, you want to represent alphanumeric. data stored

" in the box, you can do itiby placing quotation marks around the alphanumeric

RS

gata. 'I{hen it will be imgOssible to confuse your representation for a number
with your rep;resent’ation for a numeral naming that number. &

P . oo ,

: . - } ﬁ . h .




Answers to Exercises 2- 2-3

. & ' R Lo .
Problems l) 3, & and, 6 of this set requite flow charts.- P;eblenls 2-and
'5 require-the student to.explain something.. The problfg*se% develops
sequentially. If pressed for time; a class could do.only Problems 1,
2 and 3. p -0 : CoeT

- -

3

1 : 2

f( n, OLDAVG, GRADE | NENAVG  QLDATG X8+ GRADE

£
~
)
.

S L . - :
In the flrst form of the problem we used single letters’ for the variables.
It was difflcult to choose a single letter which conveyed any meaning to

AN
quantitles like vld average, hew aveyage, or grade. The use Of character

, strings, even if limited to a fixed length, like a max1mum of six charac-

L]
‘ters, is preferable. L 5

Without question the f]\ow chart for the secopd’solution would mean
more than the first flow chart even if the elapsged tlme were only a week.

. After one year the' first solution is likely to have little or no res1dual

- --meaning while’ the second solution w1th symbols like OLDAVG, NEWAVG and

T TR -
3

ﬁ*.,éi— [ to o T

. GRADE is likely to retain all of its original meaning to the person who
d:rew the flow chart (or even to someone else) ‘

L3 SR N . .U ) >,
. \") - ' N
v 1 . LN e

r( " OLDAYG, GRAPE |—— o orpay « OLPAVG X ¥ GRADE

- c' . 7 )
. T / . 3 -
- ‘ OLDAVG .
N ! A

: L
< t 1 .
. Jpe

In box 2 we are u’pdating" the OLDAVG. Before execution, OLDAVG is the
grade average based on n scores. After execution of-box 2, OLDAVG is
the average of n + 1 scores. The old value is not needed and can be

. destroyed. Storage is conserved by not using NEWAVG as ‘a variable.

» < »
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) 5 P . { - ’ 1.
5 e N . T
-3 ' . . .
4. “For Abel:- n =7, OLDAVG = 77.1, GRADE = 9l. —
- For THary:  ~n'= 7, OLDAVC = 71.2, GRADE = 82. . o
~Ti T CFor Williams: n= 7, OLDAVG = 84.6, GRADE = 87. C .
g S ST S A P ’ -1 t - ‘

3

~
~

5.

x

Yés, because any and allll

knowledge of the series of cumulatlve averages.

vidual grades can be recomputed from &

(A grade yhich is

. . ©Or 2nd grade <2 x CUM 2

;recomnu from two successive cumulative averages may be subject to
some untertalnty by virtu the roundoff errors in the’ a}rerage values.

-

.

6. For :ar;y giw}en 'student we can }:ompute each successive grade as fol;ows.

lst grade is simply the entry in column*l, denoted by CUM l
2nd grade is computed by noting that a
2nd grade + 1 X ehtry

- or 2nd grade +1 X CUM 2

1

2.X CUM 2 : i

1wa]/>

End grade + 2 X,entry in col. 2 = 3 X entry in col. 3
or 3rd grade « 3 X CUM 3 - 2 X CUM 2

. b ¢

.

e

. - e

and in general& T - . .
" n# 1st grade « (n + 1) X CUMNPIUSL - n X CUMN

in col. 1 = 2 X entry in col. 2'#-

If we let NEWGR be.the

n + lst grade

Y

". . /, NEWAVG the average of n + 1 grades and -
’ Lo OLDAVG the average of n grades )
'i ’ Lv e ° .
then we get a flow chart like' I - o

o

(a) ‘

) ;

° ‘

<

. - r ’ —
B . v \ N
. . 1 . 2
‘START n, OLDAVG, NEWAVG = NEWGR « (n+l:) X NEWAVG - n X OLDAVG
M ‘ v "
, ; .
e
- ‘ . . OLDAVG, NEWAVG, .
. I .
. NEWGR
) : . v
o

1 .
DR ag
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1.

.

Comment

-

“in Figure 2-11 to obtain: ?

. ’
-» * f .

Another way to view this process is to draw a parallel with the flow chart

‘ . T
(b) A - e .\ 2
START n el OLNEQEG' NEWGR « (n+1) X NEWAVG ¢
' . .- n X QLDAVG
4 | - . _(
RS : ( ¢
’ ® A [ 3
A N n, OLDAVG, NEWAVG, NEWGR |’
- - * 4/’—_———-—-§~N“-~J_____,a/
L. - ) - - b e L
= _ N
- ~

.

The loop in (b) more clea¥ly suggests the computation'of the series of

grades begihnin% with the second grade.

2

Tq use flow chart (b) zach data carq must contain two values, the nth°’,

and the n’+ lst cumulative average.
51+o 6k,

to compute the ‘third grade, etc.

cards will contain’the pairs

basic idea in Figure 2- 13 and its appli
tally n is gctually used in box 2.

Thus, for Smile&‘Chary, successive data
0 to compute the 2nd, ‘grade, 64,0, 67.0

.There is one important difference betweg% the

cation here in flow chart (b). Here the

This was nqt the case in Figure 2-13.

A weakness of the approach used in. (b)’ is the duplication of data-on suc-

cessive cards. fhus, the second value
value on the following card. :
shown,in flow chart (c)¢

to compute the nth grade.

f(c)m-

Here only the

.

Ig

on one card is a duplicate of the first

This overlap can be eliminated with the scheme

nth cumulative average must be input

NEWGR « (n+l) X NEWAVG

- §fXx OLDAVG

- My 4 ’ ¢
. )

3
,  |m, OLDAVG, NEWAVG )
- NEWGR
s 4
- n 9—!1!E 1

OLDAVG « NEWAVG

.



. Flow chart (c) ‘can be explained, by imagining we want to récover.all _
grades for Smiley Chary beginning with the second grade. We punch a series

4 of data cards containing the successive brade averages for Chary, one value

w7

ber card. The first card Wlll contain 'Sk, O‘\ln this case. The flow chart

- tells us that box 5 will be executed only once. The value from the first card
is assxgned to OLDAVG, but the value from the next (and all succeeding cards)
Will béaaaSLgned to NEWAVG. Thus, after the 2nd grade is computed (box 2) and
_printed (tox 3), boX ¥ provides the preparation to compute the next grade.
First n’
current vhlue of NEWAVG.

«is incremented. Then OLDAVG is reass1gned a value equal to the

This is really another form of 'updating."

Notige that the effect Of box 3 is to print a line on which the second

item, OLDAVG,.is a repeat of the, thl”d item, NEWAVG, on the preceding line.
we want tiiis duplication? Why have we faken the trouble to remove this »

tput?, We can easily delepe the second

vhy don't we?

kind o?f zedlnaan*) on lnput and not‘on

iltem from the output l1st in box 3, so One answer is.that ‘the _

- ;ncremental codt of printing the extra numeral is nil, while readability iss

soméwhat enhanced because each llne tells the whole story There.is one more

somewnat subtle poirtt. If we drop OLDAVG from the output list, we will have

no rrinted record ofl.the value on the very flrstlﬁata card which was read.by
executing box 5." This can be remedied.in a number of vays-~but any remedy

will add one or more tdxes to the flow chart--as for example, flow chart (d).

(d) < » )
0 5 6 1o . 2
- e . - A
A nel *(O,LDAVG OLDAVG —T-LNEWAVG NEWGR ¢ (n+1) x NEWAVG
I~ < . - n X OLDAVG
- P : ‘ t L
b % - . .
. i g o REFALI 3
* ’ ’ . - n(,NEWAVG, NEWGR
i ™ ¥
] ~ ~
= : '\~“\ nen+’l
, t OLDAVG, « NEWAVG
- ) - * R . ~ - '
J ’
s ~ B
O ) 23 * ‘ . .

s .o .
l‘ g

- . . R W

" » - -
N .

;7




, : ‘ A - .
- It would seem that the s?Lower students could be cHallenged to develop a
— pz‘_oce‘_ss". like this one and even help you keep your school records this.way-- .
- by computer. At g lgter pomt in the course you might discuss this data
- recovery or "retrieval" process from the standpoint of round-off error. It is -
) rea],l){ not possible to recover all the information originally input to the ’
system, Grades cannot always be recomputed exactly due to round+ fi‘.erroz; in T
the recorded averages (the cumulative averages are only recorde& o one decimal
' _ "7 place). Never‘theless, for ghe 1nstructor § puspose, this method f grade re-
generation (1nformation retneval) is satisfactory.
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2-% ArithmeBic Expressions

Arithmetic expressions which appeér on the rlght hand side of the assign-
ment arrow cdme in for close inspection in this sectlon - We are especially
interested in polnting out the praces in "every day" mathematical notation

which cause problems in interpretation due efther to reading difficulty er -
ambiguity or both. A group of practicgl improvements in conventions for mathe-

matical notaxion are listed as s&ggestions. If followed, the resulting expres-
sions would not on!g be easler to read, type or print, and dhambiguous mathe-

matically, but also easy for computers to read.

Two of the suggestlons are adopted for our flow chart language. These
are (a) abandon the practlce of using Juxtaposltlon to denote multiplication,
and (b) embrace function arguments in parentheses, llke cos(x) instead of

L]

¥ -
cos X.

/ﬂfféntion is drawn to the three klnds of minu es; binary, anary, and
number-naming, which may appear in a single arithietic expreésién :

Rules are given for forming arithmetic expressions starting from certain

‘basic forms (Table 2-3). .o .

The important question of order of computation is introduced. The r6le

'_ of parentheses and the concept ‘of a subexpression arg introdticed. The concept

of precedence levels for arithmetlc operations is presented (Table® 2- h) Next
is the idea of scanning an expression from left to right in search of the next
task to be accomplished in the evaluation of ap expression Finally, we arrive
at a simple set of rules (Table 2-6) for explaining the step-by-step procedure

to be followed in evaluating an expression (however complex). - .
- o . SC
One exception'is noted and explained; the case of AB or At¢ Bf C. Ehe

section includeg several exercises for practice in establishing the seqpence
of steps in evaluating'expressions, followxng the procedure that has beenk
developed. g

N

RS

Aruitoxt provided by Eic:




' ' ot h . !

. . * In case your students have difficulty applying Table 2.6 to Exercises;e-h,
Set, A,{)here is one furthér example. - -
Exemple: The expression is: ‘ . el
L e .. AX(B+SINAWX (B-C)+AXC-3) - ;1
: . “\ihe‘ﬁ‘”& ’ . . L R
Tabulated values for the variables: -
) { - ’ Lt © t N T.
- N IT ’ Al B ¢ -
o ’ . r‘ L
o 31 215 3
k-3 ’
R * M ‘ i ’
¢ & TR 4 . .’.
iR ol . R . P
‘&5’;‘\ . . L \ .
' K\ . Display of Step By Step Evaluation , o
' ‘ " Example’2 L
i - ’, . ~ , ) <« . ) Ky
- Step } . ) Appearance of the Eb'cpreséiqn .
a No. Action . After each Step ' ’
. " Initial appearance | A x (B + SIN(A x-{B a©) + A X.C-3))
- - ) ' A ),
1 . Compute B’- C AX+(B+SIN(AX (-3) +AXC-3)) .
< 2 Compute A X (-3) AX(B+siNG-9+AXC-3)) . - :
- N A - N
3 Compute A% C . | A X (B +'SIN(-9 +'15 - 3))
. . A
L Compute* -9 + 15 A X (B + SIN(6 <3)) .
. \ : A . :
’ i " ° /4 . T . .
5 | Compute 6 - 3 A x (B + SIN(3)) - . ..
6 Compute, SIN3 | A x (B +-.141) )
A A .
7 Compwte B + 141 | A x 2.141 .
. ' ’ Y ¥
08 Compute A X 2.141 6:&23( ' Ca .
- . . - ‘ ‘ . ’ H

. . N g . - © . T .
‘4 T f oL s

| — AR oL
3 , ) »~ i L e ooy
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We want to be sure the student is acquainted with'the "facts of life"
about ‘t},le restrictions impdsed by the way‘xhaghiqee read expressions. They -
read ¢xpressions & a stream ar string of characters which meane that express -
- slons must be writtsen oh a singie line. We also want the student to undérstand

_ rather vividly that characters as well as numbers cah be stered, in memory,

be "

. .

Regarding Figure 2-18: ‘

\

, The parentheses used- m Case b are %necessary, but in Case ¢ they are
- A

, necessary. . . - co- h

» >

Qlw

I For Case b, both B/C/D and B/C /D would mean —— , following the-

D
precedence and left-to- rlght rulgs we have developed for these expressions.

That is, the.parentheses neither change the mathematical intent nor change the
. computathnal order’. Note, however, that B/(C X D), whose mathematical
intent appears the same as (B/C)/D, 1is computationally different. Because

of round,—off‘considerations, such an alternative could yield different results.

For Case ¢, B/(C/D) is'mathematically equivalent to ,B/C/D, but-is
computationally different. The round-off error for real, numbers 'B, C and
D* may be small, but’ if B, C and D represent mtegers, the difference in

. computational order becomes s:.gnificqnt “ s

’ . ‘ .

. For example, let

B=4
. . . ~C =6 all integers
D=3

Now (C/D) is ] or 2, i.e.," 3 goes into ‘6 two times. So, .B/(C/D)
. 3 [ ? M

. » ‘correspdnds to L4/2 or 2. On the other hand, B/C {Qr Y/ is zero, i.ey,

"6 goes into 4 zero times. So; B/C/D corresponds to 0/3 o gerot

.
' .
" . +

o - " | 27- 33 ~ .,

. . ‘

. | .
¢ N
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Answers' to Exercises 2-4 Set:A

' Displays of step-by-step evaluations

4

'\ This column hot required in student solution
\ oo N . \
Apgearance of the expression
Exercise | Step No. Action i after each step
. \ : N ’

1 . Initially — ((@x X +b) x.X+&)xX+a .
* 1 Compute a X X {(( b+b ) xX+ec)xX+a )
2 -Compute & + b-. ’J‘( -3‘ XX+o)XxX+ad

‘ 3 Computes 3 x X ‘,_(\ ‘ 6 +c)xX+4d
¢ ‘ . T .
L Compute 6 + ¢ ;ﬁ -**;_,. 8 xX, 4 d
5 Compu‘t'e 8 xX jt/‘n.-f“" ' 16! ‘+ d
- ¢ X
B 6 Compute 16 + d 13
< - 4 . IJ . |
2 - Tnitially —a (8 - b) x {c --)/(e x (£ + g))
[N N v A
™3 0| Compiite a - b (-1) x(c -a)/(e X (£ g))
) Compute ¢ - d“‘:':’: (-1 >< ( 1) /(e x (f %g))
1 3 Compute f + g (1) X ( 1) /(e x 3":‘) .
17w " Compute e-X 3 (1) x (1) Feo9 Vo
. 5 Compute (-#)%(<1) 1 Y9 .
46 Compute 1 /b 0.11111... .
3 - Initially — 3—72}—& < - (s x ff - + r/‘/x “PHI) -
. 1 Compute 2 % X r° - (s x 1/100\32 ‘+‘r x-FHT)
. \ oo,
2 Compute §° -3\—2]—'5- x ° - (s x Y100-81 + r° x PHI)
e, . !
‘ 3. Compute ]fo + 81 3——2-1—1-{ xitg - (s x YIg ot r2 x PHI) .
—_ 4 . | Compute VB9 ;gil{ X2 - (s x U.36 #ro X PHI)"
- 5 Comput'e e . 3—2]—‘5 X % - (s x k.36 + 100 x PHI)
6 . Compute s X 4.36 3-?1& x r° - (39 2 + 100 x,PI_{I)‘.
L & o
7 ¥ | Compute 100 x PHI 3—215 X 2 - (39- 5 + 12 )
: 3.1% 2 )
_ 8 Compute 39.2 + 112 =Z=— X1~ - 151.2
L , o .
) / )
N \ 28 N




I T A :
. f . . .
g Compute r2 ieili X 100 -
10 Comput 3-2& 1.57 x 100 - « ’
- . . e R o
- - A, F - e
1 Cémpute 1.57 X 100 < 157 - .
. . " . ‘ T ’ - .
—_ 12 Compute 15 151.2 5.8 R
i A . 3
. f . - ’ n
. Comment; Resu dr Exerc:.se 3 were obtamed using a slide rule: The answer

-

‘using an ?, ecimal- digit computer Wl‘th n
Notme that s

is 26

X!

- ," the thference 1s§takem

)
LY

-

Exércis! Step

““u e -

“p T

5.

No. Action

12 is a prlme*sourcé of numerical error.

etween two terms of like sign and comparable magnitude.

= 3. 11+159 and PHI(arcsm —& 1.11977,
Here

[ 4
Appearance‘ of the expression
after egth step

(This column not required in
student solution.)

. ° E.’;,\
' <

Il
-

.2 ey

-~ . .

il . L

e
‘%

Initially —=

Compute p2

1+ 9

2

Compute q

Compute 9 + 16

. ]
Cofnpute -/2—5 v

- - -

Gompute q/5
Compute 1 + .8
Compute %
Compute .5 X 1.8
Compute -/—9
' .
\ . 2.
. Wiy
* “ o~ .:';3‘

[ Y

X (l +q/~/p2 + q%)v R B
¢+ a/¥9 + %)
x (i + o//5 3 16) S

Lx(T+o/B) - C

“~
|- '\)b mb
X

r ot o

l+q/5 )

TemF )
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v 5. Not counting the prior step 1nvolved in computing rsq, there aJ;e three-

. multipllca‘tion sté'ps saved each time this expression is evaluated.

" /7’Comment: : ‘;Jhen common subexpressions apb.ar_ in a given expression, like
s r2 in Exercis? 3, 1it is freguently more efficient to compute

the value of th1s subexpression and assign thls value-to a ney

> tebe g v acaron ‘e .
variable, like rsq, which can then appear in the larger
, ’ e - expression in placF of the orlglnal subexpress:.pn.
x . * . ‘ .

“Thu's, if the original: problem was to carry out the

" assignment,

. \_.._3‘}' ) i, - 1
S ———AREA&-?"ITWXrg-'(strQ-s2+z;2><PHI) -
L ] .- _
- and moreowver, if box 1 is to be«re‘peated many times ‘for the
et . ‘same value of r, a more efflclent approach would be to -

P

: first carry out the ass1gnn}ents in box O and ther execute &

el ) revised box 1 that is inside a loop. ‘
. N . .
» oy ' * ' ‘
f T o - : > .

) {dt . 2 "I POVER2 P:’% )
v —_— — ~
: "' "?’ .-‘: rfqt—rxr ” i M ’
/ "
- ‘ R ) . 1
. 7 \ "
' s Q‘qt . . AREA « POVER2 X rsq - (s X vrsq - s2 + rsq X PHL) |~
‘ o box 1 (revised) . e o
3 . i .
.- Students can be motivated to write efficient assigmnment
3 f" statements after looping and_ iteration is introduced in
Chapter k4.
T . . a .
- e
a . .
i /7 -
K e ¥ - t L
\' i » o \ 3 :: )
PN . -
.t >
- M LN .
{ “ S ¢
: 4 .
. z
. > TR

. \)4 " 30
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Answers to Exercise 2-4 Set B . ,
—— -—— - . n . f . .
,' M*mw‘—‘lihere are no superfluoous parentheseés in Case a. In Case b, the paren- . -
.- 'theses around {D/E) can besomitted? yielding o mad .o
s ° N , N . ' "~
! . * . . N S .
. R - (A/B + C x D/E)/(F x G). . e N
« Notice, it7I5 'possible to make a further revision "' . . .
-‘. ~ !\ /_ . . ,
e ) ' (A/B + ¢ x D/E)/F/G AN ’ *
~ . . <.
1 . ~ d . . .
thereby removing a pair of parentheses, but in doing so-we are changing the .
cBmputatidnal mle,\_though not necessarily thg matherﬁatical intent.
- - r . . . . L.
. . )
B .- ~ ! ' ¢
*”» v ’ Y 2 ‘
'~
# . . ‘
- ¢ - ‘
s g -
- l X - ¥
. J , ’
. ] b * . ; .
. & . . ) .
3 - v ‘ Ty T
' v . ¥ N
. ° -~ .
[3 . ’_ . "
DR ) \4 . [EI )
* 4 * v
T . .
. v * -
9~ S
-
» v ° ’ . i * ! N
. . Y \\, Y [} - , ‘ . :
N [ N s —
- ] t -
2 - ’
L] 4 ' * N ‘4 L} N
. , Y \
C , . . , '
' . 3
' Y .
? ¢ ‘ N .
L ' . . S
‘ K ) o -
k] " 4 . < ’ H
i 4 ' ) -
- - .- © 3197, 4
R T .
pa— el 7 e x,\v i e T i S R TR A hd ’: - -
. N U R N - | L .!-' . .
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2-5 [Rounding Functions . e

STV

The general idea of rounding will be quite well"known %o t'};‘e ‘studerft’.’:ﬁe'a T
> l
knows, from long experience, that in long.division and in taking 5ot ‘

|
he must somehow terminate his process. More than likely he views rounding as |

W AP W W ® o

a rather random precedure. The number of terms to which _he carries his divi-

sion, as weTl aé the decision on the velue of'the last d.igit is left to
. student caprice. .;~ VR Lo T i

»
. . - T Y
< - » .

' One of the purpose_s of this section is the presentation of roundinZ; as a
S -perfect.ly definite’ procedure describable in terms of well-defined mathematical
o functiohs. All of the cofimon methods are seen, in fact, to be expressible in
terms of the greatest integer function. g

-
~ -

-

R Th_e idea that rounded values ‘are exactly determined :and that the functions
L. - used are genuine mathematical functiohs is reinforced‘%hen we show that these
same functions are frequently used in obtaining the exact answers to certain
.. " types of mathematical problems. The only one of these which has earhed a name
R ’ in ordinary mathematical ndtation is the Greatest Integer Function, [X]. A1l
::.“£ . the others are easil ‘r/e‘s.:sible in te';c.'ms of it.
Al

5 . t‘m/e_i/déa of using’fﬁe greatest integer function in obtainii’rg the precise
';E’? ) ) s/lu ons tp pro’blems is 1llustrated in examples and problems of this sectio:,

! in the mclldean Algorithm of Section 3- 2 and in numerous other examples. en

4
¢ indicate it in our flow charts, i.e., explicitly. Thus, in the Euclidean ‘,

such rounding is required in the mathematical solution of a proBleJn we*yalyya s .
- "Mgorithm of Section 3-2 we find B,

o
v v f . e o

D -

[
‘

P .,
4 .y . N N L~ N
P s e e N

. T ——"Rt—A-Bx[B/A]

N s
v * . * Id4

which assigns to é the remainder in d.ividJ.ng the integer A by the integj:r B.,
" ‘

On the other: hand we never indi(.fate. in our flow charts the‘rounding that
- 1is forced on us by the fini}t;e wordslength in the computer. This sort of round-
. ing is ever-(pr:es,ent in computing. Evéry arithmetic operation in a computing
process, is followed by a rounding actiorP bhat is an application of some round-
ing function. If, for example,. the rounding being used by the computer is

! ¥ ROUND to hfe nearest ten thousandth then the flow chart box ’ ¢
N - !
. R . — X« P/Q |—» .
R PO ’ . "
» l ¢ ¢ - "
“ 4
. f \ ’ - -
- . -
o _ . 32 i
- ERIC ° - ' 38 . - - -
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“WAT1 have the.effect then that the value of X will be

.
v

A ) " 207" x Roump(10* X B/Q) T ’

4 \, ) P - . ’

Again in the flow chart bok M ) :

" ‘

—gv—- X e (- + B - uAd)/z(:x) ———>

one solution.o;f‘ a lerta\ln quadratic equation is being asgigned to XL. The
exact value of ‘the éxpression on the right is the exact value of the desired
root. However, the computer must o Jrform nine ,operations in the evaluation of
the rlght hand expression and all but one of these operations is immediately

!
followed by a process which is tantamount to the application of a rounding
s, .
’ - . .. : r O -

It is difficult. to estimate the error in the sctyal oomputed value of X. 4

We adopt the hopeful attitude that if the imitial values computed for the vapet— ot

)
iables are sufficiently accu¥ate, then the answefs we output will also be close i%ﬁ/

(but less close). The' dangers inherent in this assumption are strikingly .. "‘ P

- Y
brought qut in Chapter 6. (R . Y oy e “"%‘rf-\
It is not intended _that the student should _commit to ‘I‘X}emory the namés of -~
the various funcb:ouscintroduced in this section. ‘The functions GRIN and
FRPT should suffiee for all future needs. ° \
One more related observation; ’
* When we want the computer to produce an &xact value, we don’t always
get it by specifying an e’fpressiorr which mathematically, is the exact

Y

.  equivalent of what we want. . S o
- . -
o . . a8 a
1 For exampdye: Mathematically ’ S .
N § e P
7 X FRPT(10/7) and 10 - 7 x GRIN(lO/'{) a
: 3 4. o
. are both equal to the remainder when 10 is divided by 7, but a cam-
. puter with round off to 4 decimal places will compute tifem Tespectively, ot
> ’ B
L4

as . . L2 . - R "
2.9995 and ° 3.0000.

”

The. second alternative is then greatly to be preferred. ;e -

<
0y ’

’
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Rounding to produce exact values: Flow Chart vs » Procedure Languages

.

Ih languages like ALGOL and FORTRAN certain conventions are used which

allow us to imply rather than be forced to spell out some of the rounding
functlons that troduqe exact values. We shall elaborakﬁzon.this because it
can be a source of confusion when carrying over key conCepﬁi’llke assignment

v *

from the flow chart to the procedural language. i

% s Y

Suppose we hav% a real’ value of A’ which is to be approximated a¥ an
integer in some way and suppose this approximation is to be assigned to I.
We must spell 'out this process 1n the flow chart as a sequence of two steps

rounding and a551gnment, edgu,y - " . -

!
.

.I « BRUNK(A)

or possibly
r‘ ,

{

I « ROUND(A)

. é“ [y ¢
~ b ".' J |
In most procedunal langqgges, however, the assignment statement has_ round-

ing ag an implied operatlon -

< v

Thus, in FGRTRAN'we would say

I=A (rounding action of TRUNK is automatic)

or in ALGOL . K/\ma
T I:;A;' (rounding action of ROUND is aut tic)

°

Implied rounding arises because each variable has & type or mode asscciated
with it that governs the digital coding scheme used in representing ite value -
in storage, (Usﬁally the type for ;EEh variable is declared as part of the

.. e 4 .
program or, in the absence of explicit-declaration, some "default® ryle is in-_.
NN

voked, allowing the computer to decide the type.) s

The particular rounding function that is‘implied in an assigpiment state- |

ment as can be seen from these two ‘examples, “is unfoftunately not standard.

It depends on the computer language one happens\to be using.

Finslly, -we note that integer division, i.e., where the remainder iswm
<?
thrown away, is another example ‘of implied rounding 1n some of the procedural

. languages. Thus, 1n FORTRAN and MAD, there is no special operator symbol to

denote the TRUNK functlon operating on the quotient to give its integral part.
This is simply.implied whengver the two operands of/ the division are type h

integer expressions.
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- Answers to Exercises 2+6 Set A = o ..

6 trips - . ‘ : ' .

2N ) . .

(The purpose &f this question.is to begin motivating an inte.rest in

Chapter 3 whi¢h deals with branching.) The algorithm is definitely not -
TONS '

seaworthy, CAPACI'I‘Y) = 0. Lo, .

when TONS is exactly dividéd by CAPACITY the algorithm will print out 'a p

value dor TRIPS. which is one too high. While this is an unlikely occur- ¢

Many students will recognize the P

Wrong answers {Jill o?:cu'r when FRPT(serno—

rence, it nevertheless can happen.
problem but few are likely to see how to' ‘solve it, becausé we have not
yet introduceq the 'cond'itx'.’on box in our flow chart language. A simple

solution, which will becomé ,meaningful/after completing Se’ction 3-1, is

as follows: e .
. 28" 2b [+ o

- . Fid

TONS

TRIPS -

CAPACITY

JTR‘

IPS - [TRIPS]

b

F

o, 2¢ Cw

5 I> 4 . -

TRIPS « [TRIPS] + 1 -

v

- s

e : . o, .
A bit of p hilosophy Compiex computer prograns often hav caseé like
* this which fail to show ‘g'f'ronequs results during the check-out phase with the

particular set or sets of test data. 'Much later, when the program is assumed, ..

-
-

to be . $horoughly tested and in actual "product‘ion , an obvious blunder in the o

_program, 1iKe-the one. illustrated here, comes to light when usimr ,_,er;'ectly

. . . i
legitimate data. s . . RN <
. ~ .« ' s
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Aruitoxt provided by Eic:

Answers to Exercises 2:% '§e_t B .

“I'his group of pro\blems gives some practice with the~i\‘o‘ur rounding functions,
ROUND, ROUNDUP, TRUNK, and { ]. Exercises 8 and 9 introduce the use of the
greatest integer func’cion in modular arithmétic (computation of restdues).
Exercise 9 1s ‘the flrst of several appearances of the carmival wheel problem.
Over a series of exercises in Chapters 2, 3, and &, we show the student how
this sunple problem can grow in complexity from computing the winnings on a
single spin of a wheel that has a simple (linear) win-loss .function, to an
experiment in which a wheel whose wim-loss function can be of a_rbitrary com-
plexity is put through a sequence of spins wit_h the wins (or losses) being
accumulated: . ‘ ’ .

v

. - !
It is possible to develop this even further.. &d&i};ional discussion is
given in the commentary in conhection with Exercise 4 of Section b-1, ¥
s’ ' N

, ')
j

o~
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Answers, to Exercises 2-6 B - i
. = = == T

4

2. N NBOY

’I'RUNK(—-9—-) or N =

w
.
]

ROUNDUP(X)
-[-x]

«
1]

GRINCEX) ar, N =
. . o3

1., COST = .08 x ROUNDUP(?J‘I‘) or COST & .68vx (- [-wrl)

NBOY,;
55

M .
, 3.

2\ Ins—g

1 S ‘

.

~

, ) - -
. b
1 2 i
¢ - ) b [ -3 AN
- -
' . s ¢ - $
L, ¥ = TRUNK(X) y .
//V - {
»//‘
y 21 7 gmmmc
/ 1 / [
~ -3 -2 -1 1 2 3
. Al ommmmg -1 )
' ::--o +-2 ~
5. ¥y = ROUND(X). ¢ y
3 \
! 3 " o=e
1
,‘ . - » 2 * n—
! t 1-f- [
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6. _ Comment: This exercise is in the "fun and’ games" category.

¥ \

' L . .

8

-

y
[} . , 5 3 -
L

.

’ > . 3 . )
9. This exercise with the cernival wheel should provide good practice with
modulan arithmetic and should deve],_og‘an appreciation of the value of

integer arithmetic in general. Other exercises are built on this one
P . - » .

in later chapters. -7 ‘ . e {
,A - Answer: Nopiée that the wheel will come to rest at a position N v ‘

’ 4 , . 1 ,’%
‘ = + . ' oo
) 8oy (m soldz) moduloq32 3 o

runtox provided o crvc IS 4\ - H s ! b - ;. B ., .
< ’ . K "
. . - .o
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On-the other hand, we are not really